(1) Ionospheric conductivity increases by a factor of--•l.6 from solar minimum to solar maximum conditions; (2) the portion of the ionosphere above 170 km can contribute as much as 40% during daylight and 80% during nighttime to the total height-integrated Pedersen conductivity; (3) the ratio of the heightintegrated Hall to Pedersen conductivities is approximately 1.1-1.3 for sunlit conditions; this is appreciably lower than the value of 2 found in previous studies; (4) these and other factors indicate that, under certain conditions, the height-integrated Pedersen conductivity may be as much as 2-3 times larger than previously reported.
INTRODUCTION
The conductivity of the ionosphere plays a critical role in various coupling processes important to geophysics. One of the most important is the part it plays in magnetosphere-ionosphere coupling, where magnetospheric Birkeland currents feed the ionospheric system of electric fields, currents, and conductivity. Of equal importance is the coupling of the ionosphere to the thermosphere. Here, ionospheric conductivity plays a role in the transfer of energy between the two systems via Joule heating, and it also links the thermospheric wind system to ionospheric electric fields.
The importance of conductivity to geophysical processes is evident in the number of models which require ionospheric conductivity as an input. For instance, a model of ionospheric conductivity is needed by magnetospheric and thermospheric models [Harel et al., 1981; Roble et al., 1982 ; St.-Maurice and and is needed for studies of the dynamics of magnetosphere-ionosphere coupling [Lysak and Dum, 1983] . A model of Hall and Pedersen conductivities is also needed in the inversion of magnetometer data to obtain ionospheric electric fields [Kamide et al., 1981] Several studies of Hall and Pedersen conductivities have been made based on radar and satellite measurements. Of these, two studies examined the contribution of solar illumination to conductivity, and empirical models based on the solar zenith angle were developed [Mehta, 1978; Vickrey et al., 1981] . Although small, the conductance of the nocturnal atmosphere is nonzero and has been examined using Arecibo radar measurements [Rowe and Mathews, 1973; Harper and Walker, 1977] . Others have used the Chatanika radar to study the auroral contribution [Spiro et al., 1982] indices (see also Fuller-Rowell and Evans [1987] ). In a recent study, auroral images were used to infer instantaneous conductivities [Kamide et al., 1986] . Finally, the subject of high-latitude conductivity has been reviewed by Reiff[1983] .
For this study we developed a theoretical model of ionospheric conductance. This model calculates ion densities in the E One of the advantages of a theoretical model is that the effects of parameters, such as the solar flux, can be easily studied. Since this is one of the reasons this study has been undertaken, we have examined the effects of the solar zenith angle, the solar 10.7-cm flux, and the energy of electron precipitation on ionospheric conductivity. Comparisons of electron densities and conductance with radar measurements have also been made.
CONDUCTIVITY MODEL
In the ionosphere, conduction perpendicular to the ambient magnetic field is provided by collisions between charged species (both electrons and ions) and the neutral gas. In this section a mathematical model of ionospheric conductivity is described. Briefly, the model consists of solving simplified versions of the continuity equations for the ionic species, after which the conductivity tensor is obtained from the momentum equations. Only an outline of the model is given here, since more details of the implementation of the computer model are given in the appendix. Since, locally, the production rate is equal to the loss rate, equation (2) assumes that the ionosphere is in photochemical equilibrium. The range of validity for (2) in the ionosphere is examined later.
Photodissociation of the neutral atmosphere is the dominant source of ions in the Earth's ionosphere. In the daytime ionosphere, the major source for photodissociation is extreme ultraviolet (EUV) radiation from the Sun. At nighttime, EUV radiation from starlight, resonantly scattered solar radiation, and radiative recombination become important [Strobel et aL, 1980] . Another important ionization source is auroral precipitation. As energetic electrons precipitate into the atmosphere, they lose energy via inelastic collisions with the neutral atmosphere and this energy can produce electron-ion pairs. These production sources are included in our model.
The four ions which are most important in the E and lower As can be seen in Figure 4 , the lowest density curve repro- Because measurements of electron flux and energy were not available for the two data sets plotted in Figure 4 , we cannot make definitive conclusions about the absolute density scale of the model results. However, the model seems to accurately predict the shape of the electron density curves, and indications are that the scaling is probably correct as well. In an earlier study, Vondrak and Robinson [1985] had access to AE-C measurements of precipitation fluxes and energies in regions of the ionosphere where Chatanika was making simultaneous measurements. They found, also using the Rees [ 1963] method to obtain auroral production rates, that calculated densities were within 25% of the measured densities. Next, the dependence of conductance on solar cycle is considered. The output of the Sun varies with solar cycle, especially at wavelengths short enough to ionize the neutral atmosphere. Therefore, one would expect the conductivity of the ionosphere to change during a solar cycle. This is indeed the case, as can be seen in Figure 6 , where the conductance from our model is plotted as a function of the solar 10.7 cm flux. The Hall and Pedersen conductances (solid and dashed lines, respectively) increase by about a factor of 1.6 from solar minimum to solar maximum. Also shown in Figure 6 are Chatanika measurements of Hall (dots) and Pedersen (circles) conductances taken on 13 separate days during the period August 11, 1976, through July 14, 1981 (see Table 2 ). Information about data acquisition and analysis for these days can be obtained from Johnson et al. [ 1987] . These measurements represent the solar contribution to conductance at a solar zenith angle of 60 ø and are seen to increase in roughly the same manner with the 10.7 cm flux as does the modeled conductances. However, again as in Figure 5 energies, the precipitation produces ionization at higher altitudes, and therefore the Pedersen conductance is larger than the Hall conductance. As the energy of the electron precipitation increases, it reaches to lower altitudes in the atmosphere. This acts to produce a peak in the Pedersen conductance just under 2 keV and a peak in the Hall conductance at about 6 keV. 
Heightlnt( )
Finally, the height-integrated conductivities are obtained by a call to this function, which uses the trapezoidal rule to integrate in height Atkinson [1978] .
